The expression of guanine nucleotide-binding proteins (G proteins) 
Introduction
Guanine nucleotide-binding proteins (G proteins) (Birnbaumer et al, 1989 (Birnbaumer et al, , 1990 ).
The peptide hormones FSH and LH play an important role in the development of the testes and in the regulation of sperma¬ togenesis (Means et al, 1980; Platts et al, 1988) . FSH acts on Sertoli cells by binding to its cell-surface receptor which is coupled to the stimulatory G protein (Gsa) and thus activates adenylyl cyclase to catalyse the production of cAMP, the second messenger (Casey and Gilman, 1988) . Other enzymes, namely phospholipase C and A2, which may also be regulated by G proteins, have been shown to be involved in Sertoli cell function (Cockcroft and Gomperts, 1985; Jelsema and Axelrod, 1987 (Parvinen et al, 1986) . This cell-cell interaction between Sertoli cells and germ cells is an essential feature of spermato¬ genesis. Germ cells appear to lack hormone-sensitive adenylyl cyclase (Hildebrandt et al, 1985) , although a soluble Mn2+-dependent hormone-insensitive adenylyl cyclase activity has been observed in round spermatids (Gordeladze et al, 1981) . However, a 0.9 kb mRNA species hybridizing to a Gsa probe has been reported in rat haploid germ cells (Haugen et al, 1990) .
Using immunohistochemistry, we have previously shown that the and ß subunits of the stimulatory G protein are pres¬ ent in 10-day-old rat testis (Dym et al, 1991) . The presence of both pertussis and cholera toxin-sensitive GTP-binding pro¬ teins in isolated testicular cells has also been reported (Paulssen et al, 1991) . In this study, we sought to investigate further the expression of G proteins at the cellular level and to determine their distribution during development using immunocytochemical and in situ hybridization procedures.
Materials and Methods

Tissues
Sprague-Dawley rats at different ages (1, 7, 12, 23, 45, 60, 80 and 90 days) were killed using C02 asphyxiation. The testes were then removed, frozen in liquid nitrogen, and used for cryo¬ stat sectioning, RNA preparation, or for membrane preparation. placed onto coverslips in serum-free defined medium (SFDM:
Dulbecco's minimum essential medium (DMEM) containing 100 U penicillin ml"1, 100 pg streptomycin ml-1, 2 pg insulin ml"1, 10 ng epidermal growth factor ml-1, 5 pg human transferrin ml-1, 50 ng vitamin A ml"1, 200 
Immunohistochemistry
Immunohistochemistry was performed essentially as described by Dym et al. (1991) . Alterations to the protocol included longer washing times after antibody incubations and a 1:3000 dilution of the fluorescein-conjugated goat anti-rabbit antibody.
Immunoblot analysis
Membrane preparations from testes of 12-day-old and adult (60-90-day-old) rats were resolved on a 10% SDS-PAGE gel (Laemmli, 1970 (Birnbaumer et al, 1987) . The antiGsa antiserum recognized two bands of 42 and 46 kDa (Fig.  3b) ; the anti-Gß antiserum recognized a 35 kDa protein (Fig.   3c) ; antisera against Gil/2 and Gi3 stained proteins of about 40 kDa (Fig. 3d and e, respectively) .
To examine further the presence of G proteins in testicular cells, we isolated Sertoli cells and peritubular myoid cells from 15-day-old rats and pachytene spermatocytes and round spermatids from 90-day-old rats and stained them with the anti-G protein antisera (Fig. 4) . Both Sertoli cells and peritubular myoid cells showed immunoreactivity for all the G proteins investigated (Fig. 4 , A2-A5 and B2-B5). The intensity of Sertoli cell staining was greater than that seen in the myoid cells.
Pachytene spermatocytes and round spermatids were not stained by anti-Gsa antiserum (Fig. 4, C2 and D2) but showed staining with anti-Gß, -Gil/2 and -Gi3 antisera (Fig. 4, C3-C5 and D3-D5). (Fig. 5) . Gsa mRNA is present from day 1 to adult ( Fig. 5A-F) , but a marked decrease is observed after 23 days (Fig. 5D-F) . The corre¬ sponding sense probe showed no hybridization to the RNA (Fig. 5G-L (Fig. 6) (Fig. 6b, 12 days) . At (Grouch, 1991) . The physiological role of G proteins in cell types that were thought to lack G protein-coupled receptors led to specu¬ lations about the role of paracrine factors in the regulation of effector systems. However, a cDNA clone encoding a putative G protein coupled receptor has recently been isolated from a rat testis cDNA library (Meyerhof et al, 1991) . In situ hydridization experiments using a cDNA probe localized the mRNA for this novel receptor to spermatocytes and spermatids but not to somatic cells or spermatogonia (Meyerhof et al, 1991) . In addition, expression of this mRNA is not seen at day 14 post partum but is first detected after day 28 and increases during the second and third months after birth. Although these obser¬ vations suggest the presence of a G protein-coupled receptor, for a yet unknown ligand, in different types of germ cell, a role of G protein-mediated signal transduction induced by GTPase- activating proteins (Skene, 1989) (Hildebrandt et al, 1985) and do not possess a hormone-sensitive adenylyl cyclase system (Haugen et al, 1990 (Dym et al, 1991) (Griswold et al, 1976; Means et al, 1980) . This response decreases with age and is not present in adults (Griswold et al, 1976; Means et al, 1980 (Birnbaumer et al, 1990 ).
RNA (northern) analysis for Gsa
In conclusion, in the present study, we have shown differen¬ tial expression of G proteins in developing rat testes and it is possible that these G proteins are involved in the signal transduction mechanisms regulating spermatogenesis. Both transcriptional and translational regulation appear to be involved in this process, but the precise nature of these mechanisms remains to be investigated.
